Bone marrow (BM) was for many years primarily envisioned as the "home organ" of hematopoietic stem cells (HSC). Augmenting evidence demonstrates, however that BM in addition to HSC also contains a heterogeneous population of non-hematopoietic stem cells (non-HSC). Recently our group identified in BM and other adult tissues a population of very small embryonic like stem cells (VSELs) which express several markers characteristic for pluripotent stem cells (PSC) that are characteristic for epiblast/germ line-derived stem cells. Thus, we hypothesize that VSELs are a population of epiblast-derived cells that are deposited during early gastrulation in developing tissues/organs and play an important role in turnover of tissue specific/committed stem cells. In this context VSELs deposited in BM may give rise to long term repopulating HSC. VSELs could be also mobilized into peripheral blood (PB) and their number of these cells circulating in PB increases during stress and tissue/organ injuries. Finally, we envision that in pathological situations VSELs are involved in development of some malignancies (e.g., teratomas, germinal tumors).
Introduction
Recent evidence indicates that BM in addition to well described hematopoietic stem cells (HSC) contains a heterogeneous population of non-hematopoietic stem cells (non-HSC) [1, 2] . Furthermore it was also postulated that this population of non-HSC in BM contain some very rare cell population that displays several features of pluripotent stem cells (PSC) [3, 4] . These putative PSC have been demonstrated to be able in vitro cultures to differentiate into cells from all three germ layers and were described in the literature as i) mesenchymal stem cells (MSC) [5] [6] [7] , ii) multipotent adult progenitor cells (MAPC) [8] , iii) marrow-isolated adult multilineage inducible (MIAMI) cells [9, 10] , iv) multipotent adult stem cells (MASC) [11] and v) very small embryonic like stem cells (VSELs) [12, 13] . We envision the possibility that similar or overlapping populations of primitive stem cells were detected in BM using different experimental strategies and hence were assigned different names.
All of these mentioned above stem cells display pluripotentiality in vitro being able to differentiate into cells from all three germ layers, however, despite several attempts made so far, there is no convincing data proving that any type of these cells may contribute in vivo to the development of multiple organs and tissues when injected into the developing blastocyst. Thus, this important criterion for in vivo pluripotentiality is still missing for stem cells isolated from adult BM. There are several potential explanations for this obvious "deficiency" such as i) developmental lost of proper responsiveness to embryonic factors, ii) asynchronization/ differences in cell cycle between cells isolated from adult tissues and cells in blastocyst, and iii) a possibility that these cells erase somatic imprint. It is accepted that proper somatic imprint -methylation of selected maternal-and paternal-inherited genes regulates in vivo pluripotentiality of stem cells [14, 15] , and is required for PSC to be able to complete blastocyst development.
In this review paper we will focus on population of VSELs and discuss i) strategies that allow to purify these rare cells, ii) their hypothetical developmental origin and iii) physiological and pathological consequences of their presence in adult tissues.
Overview on the developmental hierarchy of the stem cell compartmentfrom the totipotent zygote to bone marrow-residing stem cells
Stem cells are endowed with the property of self-renewal and the ability to differentiate into cells that are committed to particular developmental pathways (Figure 1 panel A) . The compartment of stem cells is organized in a hierarchical way from the most primitive (totipotent) to already differentiated tissue-committed (monopotent) stem cells. In this context HSC are an example of monopotent stem cells already committed to lympho/hematopoiesis. Figure 1 panel A depicts the developmental hierarchy of the stem cell compartment. It begins with the most primitive totipotent stem cell, the zygote, which is the result of the fusion of two germ cells (oocyte and sperm) during the process of fertilization. As a totipotent stem cell, the zygote is able to give rise to both the embryo and the placenta. When the blastomers have divided into the 32-cell stage the embryo is called morula. Cells which form the morula have already lost their totipotency and become pluripotent, what means -being able to contribute to the development of the embryo but have lost the capacity to form the trophoblast (which gives rise to the placenta). Thus the term PSC refers to the stem cells that contribute to all three germ layers, mesoderm, ectoderm and endoderm, but not to the trophoblast.
The growing morula develops a central cavity and becomes the blastocyst [16] . A fully developed blastocyst contains cells that are precursors for extra-embryonic tissues including placenta and a distinct group of cells called the inner cell mass (ICM) [17] . The cells of the ICM are also pluripotent and can give rise to all three germ layers of the developing embryo [18] . ICM cells can be also expanded in vitro as immortalized pluripotent ESC lines.
Another potential source of embryo-derived PSC is embryonic germ cells (EG). EG could be derived ex vivo from primordial germ cells (PGC) [19] . Precursors of PGC are the first distinct population of stem cells that can be identified in mouse at cylinder stage embryo at the beginning of gastrulation in the proximal primitive ectoderm (epiblast), a region adjacent to the extraembryonic ectoderm [20] . These founder cells subsequently move through the primitive streak and give rise to several extra-embryonic mesodermal lineages and to germ cells (oocytes and sperm). From a developmental point of view, PGC are the most important population of stem cells because as precursors of germ cells they are responsible for passing genetic information to the next generation [21] . However, if isolated from the developing embryo and cultured ex vivo, these cells are mortal and undergo terminal differentiation [22] . Furthermore, they neither complement blastocyst development nor are able to provide fully functional nuclei during nuclear transfer [15] .
One explanation for this obvious lack of pluripotentiality is the fact that PGC are protected from uncontrolled expansion by epigenetic modification/erasure of the somatic imprint on socalled somatic imprinted genes. Somatic imprinted genes show different methylation of some maternally and paternally inherited genes (e.g., H19, Igf-2, Igf-2R, Snrpn) [14, 15] . As result of the imprint for example, Igf-2 is expressed from paternal and H19 from maternal chromosome [14, 15] . Proper somatic imprint is required for PSC to be able to complement blastocyst development.
The process of erasure of somatic imprint occurs very early during gastrulation, at a time when the PGC begin to migrate to the genital ridges [23] and it is one of the basic mechanisms that prevents i) their uncontrolled proliferation, ii) initiation of potential parthenogenesis and iii) prevents teratoma formation [24, 25] . PGC, however, if plated over murine fetal fibroblasts in the presence of selected growth factors (leukemia inhibitory factor, (LIF); basic fibroblast growth factor, (bFGF); and kit ligand, [26] may undergo epigenetic changes in in vitro culture conditions (Figure 1 panel A) and regain the somatic imprint and thus become an immortalized population of PSC, known as embryonic germ cells (EG) [19] . EG in many aspects are equivalent to ES cells and for example similarly as ES contribute to all three germ layers including the germ cell lineage after injection into a blastocyst (blastocyst complementation assay) as well as provide functional nuclei for clonote after nuclear transfer [19, 27] .
Next, since during gastrulation three distinct germ layers of cells are established, it is believed that the embryo must possess three stem cell types specific for mesoderm, ectoderm and endoderm. These stem cells are multipotent and subsequently give rise to monopotent stem cells specific for tissues/organs that develop from a given germ layer (Figure 1 panel A) . For example, multipotent mesodermal stem cells give rise to monopotent hematopoietic, skeletal muscle, heart, endothelial, and mesenchymal tissue-committed stem cells, multipotent endodermal stem cells give rise to monopotent liver, pancreas, and gut epithelium, while ectodermal multipotent stem cells give rise to monopotent brain, peripheral ganglions and nerves, eye, epidermis and skin tissues [4] .
In this context we envision that isolated recently by our group VSELs are epiblast derived stem cells that are deposited early during gastrulation/organogenesis in developing tissues -being a source of precursors for unipotent (tissue committed) stem cells [4, 28] . These cells survive into adulthood (Figure 1 panel A and B) .
We hypothesize, that however VSELs are pluripotent they erase during development similarly as PGC proper methylation of maternal and paternal imprinted genes [4, 28] . Due to the erasure of somatic imprint, VSELs similarly as PGC may loose their ability to complement blastocyst development. However, considering the fact that PGC-derived EG cells may reestablish again somatic imprint and thus regain their pluripotentiality, demonstrates that the erasure of somatic imprint is a reversible process. It is also possible that similarly as PGC, also other epiblastderived PSC residing in adult tissues (e.g., VSELs) may regain a proper somatic imprint under certain circumstances (e.g., epigenetic changes during tissue/organ injury) [4, 28] . It is no doubt that the identification of genes/proteins involved in this phenomenon could be crucial for manipulating pluripotentiality of stem cells isolated from the adult tissues.
VSELs as most primitive population of stem cells in BM?
Evidence is mounting that stem cells that reside in the adult BM demonstrate also developmental hierarchy ( Figure 2 ). It is hypothesized that at the top of this hierarchy resides the most primitive pluripotent stem cell (PSC) that can give rise to long-term repopulating HSC (LT-HSC), mesenchymal stem cells (MSC) and endothelial progenitor cells (EPC). It is also possible that this PSC may give rise to other monopotent tissue-committed stem cells for various organs (e.g., heart, brain and liver) [4, 29] . The existence of such putative PSC in BM was postulated in the past by several investigators; however, these cells were never purified at the single cell level, and their presence was predicted in some of the stem cell plasticity experiments [30] [31] [32] .
Recently a homogenous population of rare (~0.01% of BM MNC) Sca-1 + lin − CD45 − cells was identified in murine BM ( Figure 3 ). They express (as determined by RQ-PCR and immunhistochemistry) markers of pluripotent stem cells such as SSEA-1, Oct-4, Nanog and Rex-1 and Rif-1 telomerase protein [12] . Of note, we employed Oct-4 specific primers that do not amplify Oct-4 pseudogenes [33] . Direct electron microscopical analysis revealed that these cells display several features typical for embryonic stem cells such as i) a small size (~3.6 µm in diameter), ii) a large nucleus surrounded by a narrow rim of cytoplasm, and iii) open-type chromatin (euchromatin).
We also employed ImageStream system (ISS) analysis to evaluate better VSELs. This technology was developed as a novel method for multiparameter cell analysis and as a supportive tool for flow cytometry (FC). ISS integrates the features of FC and fluorescent microscopy collecting images of acquired cells for offline digital image analysis [13, 34, 35] .
Analysis employing ISS system confirmed a very small size of VSELs as well as other features related to their primitive status such as high nuclear to cytoplasmic ratio [13] . VSELs are smaller than erythrocytes and larger than platelets, as shown in Figure 4 . They can be distinguished from large platelets not only based on different surface markers, but also because they contain nuclei. Interestingly, VSELs despite their small size posses diploid DNA, contain numerous mitochondria and high telomerase activity. They do not express MHC-1 and HLA-DR antigens and are CD90 − CD105 − CD29 − . With VSEL isolation, for the first time it has been described a sorting procedure how to purify from adult BM a distinct population of very primitive embryonic-like stem cells and, more importantly, the morphology and the surface markers of these rare cells at the single cell level [13, 36] . Moreover, we reported that VSELs may be released from BM and circulate in blood during tissue/organ injury (e.g., heart infarct and stroke) [37, 38] .
Developmental accumulation of VSELs in BM
We hypothesize that the presence of VSELs in the BM is a result of the "developmental migration" of these epiblast/germ line-derived stem cells during ontogenesis where they find in BM a permissive microenvironment [4, 29] . We established that VSELs express CXCR4 (α-chemokine G αi protein-coupled seven transmembrane span receptor) and c-met (tyrosine kinase receptor) which are responsible for the robust response of VSELs to the cognate ligands of these receptors -stromal derived factor-1 (SDF-1) and hepatocyte growth factor/scatter factor (HGF/SF), respectively [12] . Since SDF-1 and HGF/SF are secreted by the BM microenvironment, both SDF-1-CXCR4 and HGF/SF-c-met axes may play a pivotal role in the accumulation of VSELs in BM tissue [39] . On the other hand, VSELs residing in the BM could be released/mobilized into circulation if needed, such as during pharmacological G-CSF induced mobilization or during stress related processes related to tissue/organ injury [37, 38] . Accumulating evidence suggests that VSELs residing in the BM play some role in facilitating the regeneration of damaged organs [40] . Since both SDF-1 and HGF/SF are upregulated in the damaged tissues, accumulation of VSEL in damaged organs is again orchestrated by SDF-1-CXCR4 and HGF/SF-c-met axes. Based on this, we hypothesize that VSELs as reserve pool of "mobile" PSC play an important role in turnover of specific tissue committed stem cells and contribute to tissue/organ regeneration both in steady state conditions as well as during organ damage/stress situations.
In vitro pluripotentiality of VSELs
We noticed that ~5-10% of purified VSELs if plated over a C2C12 murine sarcoma cell feeder layer are able to form spheres that resemble embryoid bodies [12] . Cells from these VSELderived spheres (VSEL-DS) are composed of immature cells with large nuclei containing euchromatin, and like purified VSELs are CXCR4 + SSEA-1 + Oct-4 + .
Furthermore, VSEL-DS, after re-plating over C2C12 cells, may again grow new secondary or tertiary spheres or, if plated into cultures promoting tissue differentiation, expand into cells from all three germ-cell layers (e.g., cardiomyocytes, neural cells and insulin producing cells). We noticed that VSELs isolated from GFP + mice grew GFP + VSEL-DS showing a diploid content of DNA. This confirms that VSEL-DS are derived from VSELs and not from the supportive C2C12 cell line as well as excludes the possibility of cell fusion between VSELs and C2C12 cells respectively. Similar spheres were also formed by VSELs isolated from murine fetal liver, spleen and thymus. Interestingly, formation of VSEL-DS was associated with a young age in mice, and no VSEL-DS were observed in cells isolated from old mice (> 2 years) [1, 12] . This age-dependent content of VSELs in BM may explain why the regeneration processes is more efficient in younger individuals. There are also differences in the content of these cells among BM MNC between long-and short-lived mouse strains. We reported that the concentration of these cells is much higher in BM of long-lived (e.g., C57Bl6) as compared to short-lived (DBA/2J) mice [1] . It would be interesting to identify genes that are responsible for tissue distribution/expansion of these cells as they could be involved in controlling the life span of mammals.
Since VSELs express several markers of primordial germ cells (fetal-type alkaline phosphatase, Oct-4, SSEA-1, CXCR4, Mvh, Stella, Fragilis, Nobox, Hdac6), they could be developmentally closely related to a population of migrating epiblast-derived PGC. VSELs are also highly mobile and respond robustly to an SDF-1 gradient, adhere to fibronectin and fibrinogen, and may interact with BM-derived stromal fibroblasts. Confocal microscopy and time laps studies revealed that these cells attach rapidly to, migrate beneath and undergo emperipolesis in marrow-derived fibroblasts [1] . Since fibroblasts secrete SDF-1 and other chemottractants they may create a homing environment for small CXCR4 + VSELs. This robust interaction of VSELs with BM-derived fibroblasts has an important implication, namely that isolated BM stromal cells may be contaminated by these tiny cells from the beginning. This observation may explain the unexpected "plasticity" of marrow-derived fibroblastic cells (e.g. MSC or MAPC).
Recently, a very similar population of cells that show similar morphology and markers to murine BM-derived VSELs was purified from human CB [41] . Evidence has also mounted that similar cells are also present in the human BM, in particular in young patients. It is anticipated that VSELs could become an important source of pluripotent stem cells for regenerative medicine.
Hematopoiteic differentiation of VSELs
We learned that VSELs freshly isolated from the BM do not show any immediate hematopoietic activity [12] . Accordingly, they do not grow colonies in vitro, do not form spleen colonies in CFU-S assay and do not radioprotect lethally irradiated mice [42] .
However, we noticed recently that VSELs that are CD45, − if plated over a supportive OP9 cell line, become primed to hematopoiesis and when subsequently replated in methylocellulose cultures give rise to colonies of CD45 + hematopoietic cells [43] . This hematopoietic differentiation of VSEL is accompanied by upregulation of mRNA for several genes regulating hematopoiesis (e.g., PU-1, c-myb, LMO2, Ikaros). More importantly, these CD45 + cells expanded from CD45 − VSEL when transplanted into wild-type animals protect them from lethal irradiation and differentiate in vivo into all the major hematopoietic lineages (e.g., Gr-1 + , B220 + and CD3 + cells). Of note, the hematopoietic potential of these cells is maintained after transplantation into secondary recipients [43] . Thus VSEL stem cells could be a population of BM-residing CD45 − PSC giving rise to long-term engrafting CD45 + hematopoietic stem cells ( Figure 5 ). As mentioned above, a very similar population of cells that shows similar morphology and markers to murine BM-derived VSEL was purified from human CB [41] .
Interestingly, other group has also isolated from murine BM a population of very primitive small lymphohematopoietic stem cells that i) do not radioprotect lethally irradiated mice, ii) lack spleen colony-forming (CFU-S) activity and express undetectable or low levels of many antigens presumed to mark LT-HSC, including Thy-1, Sca-1, c-kit and CD34, however, iii) these cells if co-transplanted with short-term engrafting HSC produce delayed multilineage engraftment [44, 45] . These cells are isolated from murine BM based on their very small size by elutriation (low rate of 25 ml/min -FR25), are lin − and express high activity of aldehyde dehydrogenase (ALDH hi ) [44, 45] . The relationship of these cells to VSEL requires further study, however it is very likely that these are closely-related populations of the most primitive BM stem cells. This notion is supported by the fact that FR25 lin − ALDH hi cells similarly as VSELs i) are very small, ii) lineage − and iii) do not posses immediate hematopoietic activity (do not grow colonies in vitro, do not form CFU-S in vivo and do not radioprotect lethally irradiated mice) [43, 44] .
Furthermore, human BM also contains a population of rare CD34 − Lin − CD38 − HSC that show decreased clonogeneic activity in vitro, but in vivo engraft robustly in immunodeficient mice [46] . Similar cells were recently also found among human BM-derived CD133 + Lin − ALDH hi cells [47] . The relationship of these cells to VSELs requires further studies.
Different strategies to obtain PSC
There are several attempts made to obtain primitive PSC for potential regeneration purposes. There are employed different approaches to obtain PSC such as i) stem cell plasticity, ii) isolation from adult tissues and ii) nuclear reprogramming ( Figure 6 ).
Stem Cell Plasticity(Figure 6 panel A)
The phenomenon of stem cell plasticity is based on an assumption that stem cells are "plastic" and thus could trans-dedifferentiate into stem cells committed for various non-hematopoietic organs and tissues [48, 49] . For this phenomenon to occur the following are required (i) a parallel switch of commitment in the compartment of monopotent stem cells or (ii) as postulated, a step back in the differentiation process of monopotent stem cells with their dedifferentiation into multipotent (one germ layer-committed) or even pluripotent (three germ layer-committed) stem cells.
Isolation of PSC from adult tissues(Figure 6 panel B)
Surprisingly, during deliberations concerning stem cell plasticity and the potential contribution of bone marrow (BM) stem cells to organ regeneration, the concept that BM may contain heterogeneous populations of stem cells was not taken into careful consideration [1, 2] . Thus, "positive" data supporting stem cell plasticity or "transdedifferentiation of stem cells" can be re-interpreted by the fact that adult tissue-derived stem cells are heterogeneous and that organs may contain different types of stem cells including perhaps a rare population of PSC. We propose that these cells (e.g., VSELs or MASC), and not HSC, were responsible for positive results with tissue/organ regeneration after infusion of BM-derived cells. Therefore, such PSC isolated from the adult tissues could be a proper non-controversial source of PSC for regeneration.
Reprogramming of somatic cells to iPSC (Figure 6 panel C)
Finally, recent evidence shows that an appropriate "cocktail" of expression vectors encoding four transcription factors such as Oct-4, Sox-2, Myc and Klf4 can reprogram murine fibroblasts to an embryonic status. Nevertheless, cells generated by this strategy (induced pluripotent stem cells -iPSC) have the potential to develop teratomas if injected into syngeneic mice. Thus, the potential clinical application of this strategy to obtain PSC by "debugging cellular reprogramming" by multiple transduced genes requires further studies.
If we compare reprogrammed somatic cells (e.g., fibroblasts -derived induced iPSC) and VSELs important analogies and differences occur [29] . On one hand, the fibroblasts to be transduced with the cocktail of transcription factors which are somatic cells, in contrast to VSEL, possess a proper somatic imprint on maternal and paternal chromosomes. On the other hand, VSEL, which as our preliminary data suggest are germ line-derived cells erase during development somatic imprint, have constitutive expression of all these genes that have to be first over-expressed in fibroblasts (e.g., Oct-4, Sox-2, Myc and Klf4). Therefore, one of the potential strategies to obtain stem cells that will display all the features of PSC (including the potential for blastocyst complementation) would be "debugging cellular reprogramming" by transducing cells by multiple transcription factors (Oct-4, Sox-2, Myc and Klf4) (1 st scenario). The other one would rely on the re-establishment of the proper somatic imprint in VSEL (2 nd scenario). Our team is currently focused on this second possibility of re-establishment of a proper somatic imprint in VSEL.
The role of bone marrow-derived stem/progenitor cells in pathologypotential involvement of VSELs?
In parallel, evidence has also accumulated that BM-derived stem cells may play an undesirable role in the development of some pathologies. It is likely that if these cells are mobilized at the wrong time and home/seed to the wrong place (e.g., into areas of chronic inflammation) they may exert unwanted effects. For example, BM-derived stem/progenitor cells have been implicated in the pathogenesis of lung fibrosis, ocular pterygia and diabetic neuropathy [50] [51] [52] .
In 1855 Virchow proposed the "embryonal -rest hypothesis" of tumor formation, based on histological similarities between tumors and embryonic tissues [53] . This theory was later expanded by another pathologist Julius Conheim, who suggested that tumors develop from residual embryonic remnants "lost" during developmental organogenesis. VSELs recently identified in adult tissues could fully support Virchow's concept. First, if the genomic imprint in these cells is not erased they may retain post-developmental in vivo pluripotency and grow teratomas and teratocarcinomas. Second, if they are closely related to migratory PGC which go astray from the major migratory route to the genital ridges they may ultimately give rise to e.g., germinomas and seminomas. Third, if these cells acquire critical mutations, they may develop into the several types of pediatric sarcomas (e.g., rhabdomyosarcoma, neuroblastoma, Ewing-sarcoma, Willms tumor). In support of this there is a strong correlation with the number of VSELs which persist in postnatal tissues and the coincidence with these types of tumors in pediatric patients. Finally, it is possible that these cells if mobilized at the wrong time into peripheral blood, and deposited in areas of chronic inflammation, instead of playing a role in regeneration may contribute to the development of malignancies. One of the potential mechanisms could be a fusion of VSELs with somatic cells, that through stage of the heterokaryon formation could led to chromosomal aneuploidy, that destabilizes genetic material in the affected cell.
This possibility was recently demonstrated in a model of murine stomach cancer caused by a chronic Helicobacter pylori (HP) infection. In this model BM-derived cells were identified as a source of developing gastric mucosa adenocarcinomas and the SDF-1-CXCR4 axis was implicated in the initiation of this tumor [54] . Accordingly, SDF-1 was found to be upregulated in the gastric mucosa affected by chronic inflammation due to HP infection and postulated to be the chemoattractant responsible for attracting CXCR4 + stem cells (VSELs?) from the BM. Exposed to the chronic inflammatory environment in the gastric mucosa these cells transformed into adenocarcinoma initiating cells. Finally, mounting evidence also suggests that BM may be a source of EPC and MSC for developing cancer tissue. Thus, BM-stem cells (VSELs?) may in different ways contribute to both initiation and expansion of the growing tumor.
Lending further support to the concept that BM-derived cells may initiate the growth of nonhematopoietic malignancies, was the recent report that BM cells exposed in vitro to the carcinogen 3-methycholanthrene could transform into many tumor types including epithelial, neural, muscular, fibroblastic, blood vessel endothelial and poorly differentiated tumors including teratomas [55] . The potential involvement of BM-derived PSC (e.g., VSELs) to this phenomenon requires further studies.
Conclusions
Our data indicate that VSELs could potentially provide a real therapeutic alternative to the controversial use of human ES cells obtained by therapeutic cloning, isolation of single blastomers or from parthenogenetic embryos. Hence, while the ethical debate on the application of ES cells in therapy continues, the potential of VSELs is ripe for exploration. From hematological point of view the fact that CD45 − VSELs may differentiate into CD45 + HSC makes from these cells a candidate for long term repopulating HSC. Furthermore, since VSELs may differentiate in vitro into cells from all three germ layers make these cells potential candidates in regenerative medicine. Finally, the mechanism by which VSELs could contribute to development of some malignancies could shed more light on origin of tumors. In conclusion it is of vital importance to evaluate if VSELs could be efficiently employed in the clinic or whether they are merely developmental remnants found in the BM that cannot be harnessed effectively for regeneration. The coming years will bring important answers to these questions. The most primitive stem cell is a totipotent zygote or first blastomers that derives from the first division of the zygote. A totipotent stem cell divides to form both embryo and placenta. Pluripotent stem cells (PSC) are i) cells isolated from the morula, ii) cells from the inner cell mass (ICM) of a blastocyst that give rise to established embryonic stem cell (ESC) lines or iii) embryonic germ cells (EG) that are in vitro derivatives of primordial germ cells (PGC). A potential source of pluripotent stem cells is also epiblast -a part of zylinder stage embryo from which develop all three germ layers. PSC contribute to all three germ layers in the developing embryo (ecto-, meso-and endoderm). Multipotent stem cells give rise to stem cells for particular germ layers (ecto-, meso-, and endoderm). Monopotent stem cells that are already committed to particular organs/tissues. In this context we hypothesize that VSELs are epiblast derived PSC that are deposited in developing organ/tissues as a population of stem cells that gives origin to monopotent tissue committed stem cells. Panel B. Representative images of Oct-4 + VSELs derived from adult murine organs by ImageStream system and confocal microscopy. Upper panel shows images of Sca-1 + /Lin − /CD45 − /Oct-4 + cells isolated from pancreas and thymus -analyzed by ImageStream system. Cells were fixed and stained in suspension for Oct-4 (FITC; green), CD45 and lineage markers (PE; orange) and Sca-1 antigen (PE-Cy5; magenta). Nuclei were stained with 7-aminoactinomycin D (7-AAD; red). Each photograph presents brightfield image, fluorescence images related to expression of indicated markers, as well as composed photo combining nuclear and Oct-4 images. The scale bar indicates 10µm. Lower panel shows confocal microscopic images of Oct-4 + VSELs derived from murine pancreas and thymus. Cells were fixed and stained for Sca-1 (FITC; green), Oct-4 (TRITC; red) and CD45 (Cy5; magenta). Nuclei were stained with DAPI (blue). Each photograph presents combined transmission (Tr) and nuclear (DAPI) images as well as separated and combined images related to the expression of CD45, Sca-1 and Oct-4 antigens. The scale bar indicates 5µm. Upper panel shows representative images of Sca-1 + /Lin − /CD45 − VSEL and Sca-1 + /Lin − / CD45 + HSC isolated from murine BM, while the lower panel presents murine erythrocytes and platelets derived from blood. Each population was stained for specific surface markers followed by fixation. Nuclei were visualized with 7-aminoactinomycin D (7-AAD; red). Each photograph presents brightfield image and fluorescence images related to expression of indicated markers and presence of nucleus. Erythrocytes and platelets were identified as anucleated objects (lower panel). The scale bars indicate 10µm. Average size was calculated for each population and is shown as a Mean±SD. 
